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Abstract 
The designation idea of infinity controller is introduced to a class of Lurie switched systems with time-delay and 
sector restricted nonlinearities. We Construct Lyapunov function and apply the stablity theory to analyze Lurie 
switched system. The theoretical proof showed that this system is gradually stable. The result is expressed by using 
linear matrix inequality (LMI), so it is easy to realize. 
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1. Introduction 
Switched system is an important class of hybrid system, it is composed by a series of subsystems and a 
certain switched rules, in which the subsystem may be stable or unstable. Switched systems have the 
property: you can guarantee the stability of the system by constructing switched rules even if each 
subsystem is unstable, and vice versa, the system may be unstable when switched rules is inappropriate 
even if each subsystem is stable. Switched system has already attracted wide attention in control 
educational world and has abtained a lot of results[1-4]. 
In recent years, the hybrid system which took as a kind of nonlinear system appeared in the 
application, had already received widespread attention in the field of control research. The switched 
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system is a relatively simple system in hybrid systems, which is generated by several sub-systems after 
switching. the switched system uses frequently in the actual project, such as aircraft's multi-operating 
point control, electrical power system's switching and so on. The H-infinity control is a hotter research 
spot in recent years, it involved the disturbed weaken’s thought of the engineering control. Compared 
with the switched system's stable result and the H-infinity control aspect's achievement, the H-infinity 
control problem of switched system is actually reported less.  
On the other hand, many nonlinear physical systems can be described by using a dynamic information 
system and the nonlinear feedback joint which is restricted by a range of conditions. Since Lurie and 
Postinikov proposed the concept of absolute stability in 1940s , this system has already received the 
widespread attention, and has made considerable fruitful achievement in the area of conservativity which 
reduced the absolute stability of the system. The H-infinity controller problem of Lurie time-delay 
switched system which nonlinearities function is restricted in range of [0, ]K  is reseached in this paper, 
and the outcome is obtained. Futhermore, we obtained the general conclusions which the nonlinear 
function is restricted in range of 1 2[ , ]K K based on the outcome. 
2. Problem Description 
We consider the following Lurie switched system  
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Where ( ) nx t R∈  is state vector,  is input disturbances,  is time-delay,and ( )tω ( )h t ( ) Mh t h≤ ,
,( )h t ≤& 1Dh < Mh  and Dh  are known constant,  is inistial function, ( )tω ( , ( ))t z tϕ  is a nonlinear function 
which is restricted insector 1 2[ , ]K K .  i.e.       [ ] [ ]( )) ( ) 0Tz t K z t tϕ ϕ− −1 2) ( )t K z( ,t ( , ( )t z ≤ 0t ≥, . 1K  and 
are suitable constant dimension matrixes, ,  is switched signal. 
2K
2 1K K− > 0 ( )tσ
Definition 1  If system (1) is globally asymptotically stable to nonlinear functions ( , ( ))t z tϕ  which 
belong to sector 1 2[ , ]K K ,  then system (1) is called the absolute stability in sector region 1 2[ , ]K K .
Lemma 1  The given symmetric matrix 11 12
21 22
S S
S
S S
⎡ ⎤
= ⎢ ⎥⎣ ⎦
, where,  is the  dimension, the 
following three conditions are equivalent. 
11S r r×
(1) ;0S <
(2) ;111 22 21 11 120, 0
TS S S S S−< − <
(3) .122 11 12 22 210, 0
TS S S S S−< − <
Lemma 2  Given the suitable dimension matrixes Y ,  and , where matrix  is symmetric, then 
for every matrix 
D E Y
F , which is subject to inequality 1TF F ≤ , Y D  if and only if  there 
exists , such that, .
0T <T T
T T <
FE E F D+ +
0ε > 1−
0P >
0Y DD E Eε ε+ +
Lemma 3  Given matrix  and the differentiable vector  has a suitable dimension, then( )x α
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3. Main Procedure 
The sake of discussion, first we consider the situation that ( , ( ))t z tϕ  is satisfied to 
( , ( )) ( , ( )) ( ) 0T t z t t z t Kz tϕ ϕ⎡ ⎤− ≤⎣ ⎦
where K  is a positive definite matrix. 
Construct a Lyapunov funtion 
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Combine Lemma 3 and Leibniz-Newton’s formula，to caculate derivation along to trajectory (1),  
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According to system (1) and the condition ( , ( ))[ ( , ( )) ( )] 0T t z t t z t Kz tϕ ϕ − ≤ , we can know 
2714  Zhiyong Li and Jintao Meng / Procedia Engineering 15 (2011) 2711 – 27154 Zhiyong Li，et al/ Procedia Engineering 00 (2011) 000–000 
2 ( ) ( ) 2 ( ) [ ( ) ( ( ))] 0T T i it t t K M x t N x t h tω ω ω+ + − ≤ .
When 1iP I
− ≤ ,then 12 ( ) ( ) 2 ( ) [ ( ) ( ( ))] 0T Ti i it P t t K M x t N x t h tω ω ω
− + + − ≤ , i.e. ,0( ) ( ) 0
T t tχ χΓ ≤
where, 0 1
0 0 0
0 0 0
0 0 2 0
0 0 0 0
T T
i
T T
i
i
M K
N K
P−
⎡ ⎤
⎢ ⎥
⎢ ⎥Γ = ⎢ ⎥
⎢ ⎥
⎣ ⎦
.
Both sides multiply with , then we get ,{ idiag I I P I} 1( ) ( ) 0
T t tχ χΓ ≤
where， 1
0 0 0
0 0 0
0 0 2 0
0 0 0 0
T T
i i
T T
i i
i
M K P
N K P
P
⎡ ⎤
⎢ ⎥
⎢ ⎥Γ = ⎢ ⎥
⎢ ⎥
⎣ ⎦
.
Theorem： If there are symmetric positive definite matrixes ， , and the constant 0iP > 0iR > 0γ >  is 
satisfied with the following inequality 
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Then, there exists a swithched law    to make the system (1) remain ( ) :[0, ) {1,..., }t Mσ ∞ → = m H∞
secondary absolutely stable in sector region 1 2[ , ]K K .
Proof：
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Construct switched rule:  when ,( ) ,t iσ = ( ) itχ ∈Ω 
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In the following , we prove the system is gradually stability when .( ) 0tω =
According to formular(5), if let , it is easy to gain ( ) 0tω =
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Thereby, when , the system is gradually stable. ( ) 0tω =
4. Conclusion 
The H-infinity controller problem of Lurie time-delay switched system when the nonlinearities 
function is restricted in range of [0, ]K  is studied in this paper, and the result is gained. Futhermore, the 
general conclusion is obtained when the nonlinearities function is restricted in range of 1 2[ , ]K K  based on 
the result. The result is given in linear matrix inequality (LMI), so it is easy to realize. 
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